MeOH extracts of Kaempferia parviflora Wall. ex. Baker, family Zingiberaceae, were consecutively partitioned with CHCl 3 , EtOAc, and n-BuOH. The CHCl 3 fractions were diluted in distilled water with n-hexane-CH 2 Cl 2 and three methoxyflavones were isolated from the CH 2 Cl 2 extract. Based on spectral analysis and comparison of the spectral data with literature values, the compounds were identified as 3,5,7,3′,4′-pentamethoxyflavone (KP1), 5,7dimethoxyflavone (KP2), and 5,7,4′-trimethoxyflavone (KP3). In relation to their possible effectiveness against Alzheimer's disease, these compounds were tested for their ability to inhibit acetylcholinesterase activity and neurite outgrowth in the PC12 cell line. Of the three compounds, KP1 was the only one to inhibit significantly the acetylcholinesterase activity in a dose-dependent manner.
Kaempferia parviflora (KP; family Zingiberaceae) is endemic in Thailand and can be found cultured in the wild in Pitsanulok and Phetchabun. Locally, it is named Krachai Dum [1] . The KP plant grows low to the ground and has short, fleshy, and tuberous dark purple rhizomes and small violet flowers [2] . The black or purple color of KP rhizomes is affected by the conditions of the soil environment. The climatic and soil conditions of South Korea are not ideal for cultivation of this plant.
KP ethanol or methanol extracts are effective for treating human disorders such as visceral fat accumulation, hyperinsulinemia, glucose intolerance, hypertension, diabetes, obesity, peripheral neuropathy, gastric ulcer, and Alzheimer's disease (AD) [3] . Compounds isolated from KP include polymethoxyflavonoids and the phenolic glycoside kaempferiaoside [4] . Moreover, phytochemical screening of KP extracts has produced positive tests for alkaloids, anthrones, and coumarins [5] . 5,7,4′-Trimethoxyflavone, 5,7,3′4′-tetramethoxyflavone, and 3,5,7,4′methoxyflavones have exhibited significant inhibitory activity against various biological processes [4] .
AD is one of the principal causes of disease and death among the elderly [6] . The disease has numerous important confirmed facets, including the hallmark β-amyloid plaques [3]. There have been many different ways and attempts at curing and preventing AD. In recent years, cholinesterases have received increasing attention for the role they play in the formation from β-amyloids during the early stages of AD [7] . Acetylcholinesterase (AChE) serves as the key enzyme in AD, as it hydrolyzes the ester bond (at thiocholine and acetic acid) of the neurotransmitter acetylcholine in the cholinergic synapse [6] .
The current study describes the isolation of three methoxyflavones from K. parviflora. The molecular structures were determined through 1 H NMR spectroscopic, mass spectrometric and literature data. Compounds KP1, KP2, and KP3 were dissolved in DMSO. KP1, at the low concentration of 40 μM, exhibited strong inhibitory activity (80%) against AChE. KP2 and KP3, on the other hand, exhibited weak AChE-inhibitory activity (20%) at a concentration of 100 μM (Figure 1 ). In fact, the AChE activity increased to 140% in the presence of 40 and 80 μM of KP2 and KP3, confirming that these two compounds did not have high AChE-inhibitory activity. Although the AChE activity was increased in the presence of 20 μM KP1, the ginger plant compound at 40, 80, and 100 μM concentrations significantly reduced the enzyme activity. It was previously reported that K2 and K3 had high AChE-inhibitory activity, although much lower than that of K1. PC12 cells were treated with the three compounds at the same concentrations to compare their effects on the changes in cell morphology. The cytotoxicity of the compounds in order of strength was KP1 > KP2 > KP3. In the case of KP1, serious cell damage occurred at 40 μM, whereas at the same concentration, KP2 caused only slight cell damage and KP3 did not cause any cell damage at all. PC12 cells were treated with the three compounds dissolved in DMSO to confirm their effects on neurite outgrowth. Almost no neurite outgrowth was observed in the presence of KP1, which was likely an influence of the cell damage caused by the cytotoxicity of this compound. In the cases of KP2 and KP3, neurite outgrowth was similar to or more than that observed in the presence of nerve growth factor (Figure 2 ), indicating that KP2 and KP3 have the ability to induce neurite outgrowth in PC12 cells. The isolated compounds were identified as 3,5,7,3′,4′-pentamethoxyflavone (KP1), 5,7-dimethoxyflavone (KP2), and 5,7,4′-trimethoxyflavone (KP3). KP2 and KP3 significantly inhibited AChE activity in a dose-dependent manner. 1 H NMR spectra were recorded with an Agilent MR 400 DD2 400MHz spectrometer. Column chromatography (CC) was conducted using silica gel 60 (40-63 and 63-200 μm particle size) and RP-18 (40-63 μm particle size), both obtained from Merck III.
Experimental

General experimental procedures:
Plant material:
Kaempferia parviflora rhizomes were kindly provided by a local farmer from Jang heung, Jeon Nam, South Korea. The rhizomes were identified by Prof. Hyung-In Moon. A voucher specimen (No. 2012-0405) has been deposited in the Herbarium of the Dong-A University (Busan, South Korea).
Extraction and fractionation:
The rhizomes of K. parviflora (5 kg) were sliced and extracted under reflux with 9 L of MeOH, 3 times at 5°C The MeOH extracts (198 g) were combined and concentrated in vacuo at 40°C. The MeOH extract was diluted with distilled water (0.9 L) and then partitioned with CHCl 3 (0.6 L×3). The CHCl 3 -soluble fraction was diluted with distilled water and partitioned with n-hexane (0.9 L×3), CH 2 Cl 2 (0.7 L×3), EtOAc (0.8 L×3) and n-BuOH (0.8 L). The CH 2 Cl 2 extract (49 g) was separated by silica gel CC by gradient elution with CHCl 3 : MeOH (from 30:1 to 0:1 v/v); 12 fractions were obtained (K1-K12). Fractions K1 to K8 were further separated by CC using CHCl 3 : MeOH (30:1, v/v). All fractions were recrystallized at -20 o C from MeOH; KP1 (5.6 g) was obtained from fraction K5, KP2 (3g) from fraction K6 and KP3 (2.7g) from fraction K4.
Acetylcholinesterase inhibitory activity assay: PC-12 cells were obtained from American Type Culture Collection (ATCC; USA). Cells were cultured in a collagen coated culture dish in Roswell Park Memorial Institute 1640 (RPMI1640; GIBCO, Korea) medium supplemented with 10%, v/v, heat-inactivated fetal bovine serum (FBS; WelGENE, Korea), 5%, v/v, heat-inactivated horse serum (HS; WelGENE, Korea), 100 Units/mL penicillin, and 100 mg/mL streptomycin at 37 o C in a humidified atmosphere of 5% CO 2 . For differentiation, the medium was replaced with RPMI1640 supplemented with 2% FBS and 1% HS. PC-12 cells were treated with 50 ng/mL nerve growth factor (NGF; Sigma) for 7 days. For microscopic observation at 0, 2, 4, and 7 days of neurite outgrowth, PC-12 cells were treated with 10, 20, 40 µM of KP 1~3. Microscopic observations were made after 2, 4, and 7 days of neurite outgrowth. KP 1~3 were measured for acetylcholinesterase inhibitory activity using the chromogenic method, with slight modification. Acetylcholinesterase from human erythrocytes (10 µg/mL, 860 U/mg, Sigma) was dissolved in 100 mM phosphate buffer (PB, pH 7.0) containing dithiobis (2-nitrobenzoic acid) (DTNB, Sigma), 10 mM (3.96 mg/ mL). Acetylthiocholine iodide, 75 mM (21.67 mg/mL) in the same buffer (pH 7.0), was used as a substrate solution. The enzyme solution (90 µL) and each concentration (0, 20, 40, 80, 100 µM) of the KP compounds (18 µL) were mixed in a well of a microtiter plate and measured (415 nm) at time zero with a microplate reader. After incubation for 15 min at room temperature the substrate solution (90 µL) was added and the reaction left for 10 min at 37°C. The increase in absorbance from zero time was measured.
Statistical analysis:
The results were expressed as the mean ± SE. Each value represents the mean of at least 3 independent experiments in each group. The statistical significance of the difference between two cell populations was determined using the two-tailed Student's t-test (Origin software; OriginLab). P values equal to or less than 0.05 were considered significant. A difference was considered to be significant at P<0.05.
